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TESTS OF NACELLE-PROPELLER COMBINATIONS IN VMtIOUS POSITIONS WITH
REFERENCE TO WINGS V-CLARK Y BLPLANE CELLULE-N.A. C.A. COWLED
NACELLE-TRACTOR PROPELLER

By E. hOYD vumrrmE

SUMMARY

This report is tb fifth of a seri.a giving the rcxults ob-
tained in the N. A.C.A. l!O-jootwind tunnel on the inter-
ference dragand propulsive ej%iency ojnaceUe-prWeUer-
wing combinatim.s. The jirst report gave the re+w.h%of
the tests of an N.A.C.A. cowled air-cooled engine nacelle
with tractor propeller located in 2?1poeitiom with rejer-
ence to a thick monoplmu wing. The second and third
reports gave the rewdts with seved engine cowlings and
naceUeswith tractor propeller located in four pom”tti
with rejerence to the thick wing and a Clark Y wing, re-
spectively. R& withseveralengine cowlingswith tan-
dan nacelle arrangenumtsin variw positions m“threjer-
ence to the thick wing were given in the fowrth report.
The Prtxed report gives results of teds of an N.A.C.A.
cowled air-cooled engine nacelle m“th tractor propeller
locatedin 1.2positions m“threjerence to a Clark Y biplau
cellw.ik

The biplune celhde conmktedof two wings of Clark Y
section w“th a 88-inch chord and a 16-foot 10=inchspan.
It had a gap of 3 feet and no stagger or aha+?uge. The
engiw, which WM a h/9-scale model of a Wright J+
radial air-cooled engine, wa inxtalkd in an N.A.C.A.
cowled n.aceli?a.A .+-footmodel of a Navy no. @l.%?aaL
jmtable metaLpropeller wm used.

The lijt, drag, and propwkive ej%iency were deter-
mined ai severalang.?a oj attuckin each nacelle pom”tim.
Tlw net @iMency was comgndedby the methodoj thejirst
report. The rewltv are comparedwith thosejor a mono-
plane wiw of the same sectwn and chord given in the
third report.

Tlw.btxt re.swilswere obtainedwith thepropeller, 60per-
cent oj the chord directly aheud of the upper wing. The
sameposition reldive to the lower wing ti nearly w good.
Positiom abowthalf-way between the two Winggwith the
propeller near the leading edges are the poorest. There
is afair agreemeni betweenthe resu?tswith biplane corn-
bindons and thosefor similar monoplane combinations.

INTRODUCTION

This report is the fifth of a seriesgiving the results of
a general investigation of the mutual effects of wings,
nacelles, and propellers. The program includes tests
of nacelles with tractor, pusher, and tandem propellers
in combination with monoplane and biplane wings.

The first report (reference 1) gave the results ob-
tained with an N.A.C.A. cowled air-cooled-engine
nacelle with a tractor propeller located in 21 positions
with reference to a thick wing. The second and third
reports gave the results for several engine cowlings and
nacelles with traotor propeller loc%ted in four positions
with reference to a thick wing (reference 2) and to a
Clark Y wing (reference 3). In the fourth report
(reference 4) rewlts are given for various engine cowl-
ings with tandem nacelle arrangements in several posi-
tiom with respect to a thiok wing.

This report gives the results for an N.A.C.A. cowled
nacelle with tractor propeller in 12 positions with refer-
ence to a biplane cellule. The manner of presenting
the resultsis similarto that usedin the previous reports.
Sufficient information is given in the tables to permit
the reader to reduce the results by other methods if
desired.

APPARATUS AND METHODS

The propeller-research tunnel in which the tests were
made is described in reference 5. The cellule con-
sisted of two wooden airfoils of Clark -Y section with a
38-inch chord, a 15-foot 10-inch span, a gap of 36
inches, but no stagger or docalage. Conventional li-
struts of streamline steel tubing, together with stream-
line lift wires, were used between the wings.

A 4&ns.Ie model of a Wright J-5 radial air-cooled
engine was mounted in an N.A.C.A. cowled nacelle of
the same scale. Figure 1 shows the dimensions of the
nacelle. The propeller used was a 4-foot diameter
model, geometrically similar to the Navy no. 412
9-foot adjustable propeller. For these tests the blades

603



....-. .-—.. —.—— .—. . .-—-— —. - —.—.... .—. —— .— - .:-- —-

604 REPORT NATIONAL ADVISOItY

were set 17° at 0.75 R. A 25-horsepower 220-volt
direct-current motor waa mounted inside the nacelle
and the propeller mounted directly on its shaft. Wines
horn the motor were led down the nacellc+supporting
struts into the wing and from the wing down the sup-
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Figures 4 and 5 me photographs showing the details of
each combination. In all cases the thrust line was
parallel to the chord.

Previous tests (reference 1) showed that it was
advantageous to fair the nacelle into the wing when the

1+ VD

SectionA-A Sectbn B-B Sectbn c-C SectionD-D
Fmm!t L—N.A_OA.OJWMnamIleandswineeswmbtr.

porting struts to the control equipment. The motor
was calibrated with a Prony brake. Curves of arma-
ture current against torque were obtained for several
valuea of the field current. The revolution speed was
indicated by a condenser-type tachometer which TVaa
connected by wires to an indicating instrument at the
controls below.

The test se~up, mounted as described in reference 6,
was pivoted about the 25-percent chord point of the
lower wing. Figure 2 shows a combination mounted
for testing. -,

AU the teats of this investigation were made at
Reynolds Numbem varying from 1,360,000 at the
lowest speed (50 m.p.h.) to 2,750,000 at the highest
speed (100 m.p.h.). The bipkme cellule alone was tested
at several angles of attack ranging from – 5° to 23°.
When the cellule was tested without the nacelle it was
braced at the midspan by N-struts. Tare-drag tests
were made with the biplane cellule supported inde-
pendently of the balance system. Tests had already
been made on the nacelle alone; the results are given in
reference “7.

Figure 3 shows the relative location of the nacelle
with respect to the celhde in the 12 positions tested.

two were close together. Consequentlyj in positions
4, 6, 7, and 8 the nacelle was faired into the wing.

~ 38”—4
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Each combination waafit tested without the propeller
and tests were then made with the propeller operating.
These tests were made at angles of attack of – 5°, 0°,
5°, 10°, and 15°.
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RRSULTS

The measurements with the propeller removed were
reduced to the usual coefficients

where
q, dynamic pressure (?4PV~.
p, mass density of air.

V, velocity.
s, area of wing.
c, chord of wing.

The moments were taken about the geometric mean
quarter-chord point. The preceding coefficients for
each angle of attack were plotted against dynamic pres-
sure and faired vahm from these curves were then
cross-plotted against angle of attack at 50, 75, and 100
ties pOr hour. Values from these faired curves are
given in the tables. Values of CLand CDare given in
tables I and II, respectively. Table 131 gives the
moment coefficients at 100 miles per hour only, as there
was no observable scale effect on the moments.

The find results are not afTected by the fact that
je~boundary corrections were not applied, since aU
drag difhrencea are taken at equal values of lift.

The usual coefficients are used for presenting the
results with the propeller operating:

where
T, thrust of propeller operating in front of a

body (tension in crankshaft).
AD, change in drag of body due to action of

propeIIer.
T– AD, effective thrust(referenca 8).

n, revolutions per unit of time.
D, propeller diameter.
P, motor power.

and
v- prop~ve e~ci~ncy.

effective thrust x velocitv of advance
motor power

-(T–AD)V CT V
P “GZD

Lift and moment coefficients were obtained in the same
manner as with the propeller removed, but axe desig-
nated (& and C@. Coefficients read from faired
curves at different values of V/nD are given in the
tables for several aqgles of attack as follows: TabIe IV,
Thrust Coefficient (C.); Table V, Power Coefficient
(C,); Table VI, Propulsive Efficiency (q); Table VII,
Lift coefficient with l?rope~er Operating (uL.);

Table VIII, Moment Coefficient with Propeller
Operating (CmP). A typical example of the propeller
curves may be found in reference 1. -

ACCURACY

The scales and instruments were calibrated fre-
quently during the period over which the tests were
run. The angle of attack was set to within 6’ by
means of an inclinometer. The scattering of the
pointi in the motor calibration indicated a maximum
error of 1 percent. The ~tachometer readings were
correct to within 10 revolutions per minute. Lift
and drag baIances were read to the nearest pound,
At high angles of attack in some cases the fluctuation
of forces was such that the above accuracy could not
be maintained.

DISCUSSION

When considering the relative merits of wing-
nacelh+propeller arrangements it is neceasmy to toke
several factors into account. The lift and drag of the
w@, or ml.ltie, are affected by the presence of the
nacelle. Similarly, the characteristics of the nacelle
are changed due to the presence of the wing. Not
only does the propelIer affect the lift and drag of the
wing-nacelle combination, but its e5ciency in turn
depends on the arrangement of bodies in its slipstream.
AU these factom are, of course, functions of the condi-
tions under which the combination is operating.

A method of comparing one arrangement with
another is developed in reference 1, and the following
formulas result:

(T–AD)V U, V
Propulsive efficiency = q- p ‘Gnii

Nacelle drag eiliciency factor
C.o–cw s v 8

Cp ()Z@ nZD

where UD~jdrag coefficient of the wing at a given
angle of attack.

CDO,drag coefficient of the wing-nacelle com-
bination (propeller removed) at the
angle of attack at which the lift co-
efficient with the propeller operating
is the same as the lift coefficient of the
wing alone at the given angle of
attack.~

These formulas are applied to two conditions: One
forhigh speed and cruking with a propeller V/nD-0.66
md a lift coefficient corresponding to that of the
wllule alone at an angle of attack of 0° ((Z-0.269),
md one for climbing with a V/nD = 0.42 and a lift
wefficient corresponding to that of the cellule alone
it an angle of attack of 5° (CL= 0.480). The V/nD
ITbk deSnftfonof CDObmthecamemmnfngasthatinrofa’enma1to4. The

msantwordfngLYmadto dearup cmfnsfon thatbaaarisenfromtheprovlouo
tip~Fd defInftfon.
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selected for the high-speed comparison is that at -which
the propeller operated at greatest efficiency in the
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tests. The V/nD for climb is. obtained by asmuning
$hcttclimbing is done at 60 percent of high speed and

that the engine delivers its power at a constant
torque. A diagram of the method of obtaining the
drag value used in computing the nacelle drag efi-
ciency factor is given in reference 3. The net efi-
ciency, as defined, is equal to the efficiency that would
be obtained by considering the diilerence between the
drag of a wing-nacelle-propeller combination and the
drag of the wing alone, at equal lift coefllcients, a9
part of the drag chargeable to the propdsive unit, in
the same way that AD is ordinarily charged to the
propeller. A proper comparison of two combinations
can only be made at equal values of lift.

At an angle of attack of 0° with the propeller opera&
ing the lift was inoreased, except with the nacelle in
pOMtiOIIS 1, 7, 8, and 9. The greatest increwe in lift
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was obtained with the nacelle in line with the upper
+.

Figure 6 shows the lift and drag coefficients of the
biplane cellule with the nacelle in position 4, which
had the poorest net efficiency, and in positions 2 and
11, which had high net efficiencies. A study of figures
6, 7, and 8 shows that the drag is not greatly diilerent
for similar positions ahead of the upper and lower
*.

Contours of propulsive efficiency, nacelle drag
efficiency factor, and net efficiency have been plotted
in figures 9, 10, and 11 for the high-speed and cruising
flight conditions previously mentioned. Values for
intermechatepositions can be picked horn these charts.
In general, all three factora become increasingly favor-
able with distance ahead of the wings and with dis-
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tttncefrom the mean chord line. Similar contour-zam
given in figures 12, 13, and 14 for the climbing condi-
tion. In this case the propulsive efficiency and the
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net efficiency improve with distance horn a point one
third of the gap above the lower leading edge. Th~
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nacelle drag efficiency factor is negative when the
nacelle is in line with either wing and positive for
intermediate positions. An examination of both sets

)f charts indicatw that the best position for the nttcelle
s that with the propeller one-half chord ahead of the
lpper wing.

For the speeds now being attained by modern high-
rpeed transport airplanes other factors may have to
]e taken into account. At high speeds US& a high-
]iteh propeller, changea in propeller efficiency with
]peed become so small as to be negligible. The
?ropeller slipstream dso has a smaller relative effect
m the flow over the wing and nacelle, thus making the
irag of the wing-nacelle combination the dominant
~actorin selecting the most favorable arrangement.*

Figure 15 shows contours of the effective nacelle
lrag in terms of the drag of the nacelle alone at OO.
l?he effective nacelle drag used here is the difference
n drag between the biplanwmcelle combination and
the celhde alone, both drag values being taken at a
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Ha- 15.-Effdfve xmcaIlod&Mb. (CL+2W wrrqmrdb.w ta an angle of

attaokofWforthecdlrdeelorm)

lift coefficient of 0.259 corresponding to the high-speed
md cruising condition. A ratio of 1.0 in figure 15
indicatw an interference drag of zero. Position 1 in
which the nacelle was mounted in line with the lower
wing and close to the leading edge is the only one
having a negative interference drag. With the nacelle
in positions 3, 10, and 11 the interference drag is zero.
A location of the nacelle half-way between the two
chord lines with the propeller back close to the wing is
most unfavorable.

-Valy.
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I?or each nacelle position with respect to the Clark Y wing than for other positions. Positions in line with
monoplane wing for which the results are given in the wing being excepted, the greatest difference in
reference 3 there is a correspond@ biplammacelle net eiiiciency is 2.2 percent for high speed and 2.6
location which is in a similar position with reference percent for climbing conditions. Closer agreement
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See figure5, reference 3 See figwe 3 See figure~ reference 3

FIQURElR-SMkityofmanoplameandbi@na~-nasalSa wmblnationakated.

to either the upper or the 10WCPwing. This relation-
ship is illustited in iigure 16. It is seen that positions
2, 4, 5, 7, and 11 are similar to previously tested
monoplane positions.

A comparison of the efficiency factom of similax
monoplane and biplane positions is given in the follow-
ingtfible:

C%&%%%mtidnII Olimbingmnditian
I
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Under the conditions of high speed and crmsing, the
msximum diilerence in net efficiency id 4.5 percent.
For climbing conditions the maximum difference is
8.4 percent. It appears that the dmilarity of char-
acteristics is less marked for positions in line with the

is hardly to be expected because the monoplane and
biplane wings were of different effective aspect ratios
and the comparisons were not made nt the same lift
in both CtlSSS.

In figure 17 the effective drag of the nacelle is com-
pared for similar positions with respect to the mono-
plane wing and biplane celhde. Since the same nacelle
was used in one case with 50 square feet of wing area
and in the other case with 100 square feet of wing
area, it was neccsmry to multiply the drag coefficient
referred to the biplane celhde by 2 for comparison.
I?otitions 2 and 11 give results in general agreement
with those for similar monoplane positions throughout
the rmge, while positions 4, 5, and 7 give rLsimilar
agreement only at low angles. All positions give the
same agreemaut over the normal flying range. The
nacelle drag for combinations with the biplane cellule
starts to increase at higher valuea of the lift coefficient
for all of the cases compsmd. The actual differences
in nacelle drag are quite large but the statement as to
agreement is based on the fact that the nacelle drag
is a small part of the total drag. A difference of 60
percent in nacelle drag means only a mm.11percentage
difference in the total drag; hence there is only a small
change in the over-all p@ormance indicated by the
comparative curves of figure 17.

From the agreement between the results for similar
monoplane and biplane arrangements, it would seem
that there would be little error in predicting the results
with the nacelle above or below the biplane celhde on
the basis of the results obtained with the nacelle and
the monoplane wing.

CONCLUSIONS

1. At a lift coefficient corrcaponding to the high
speed and cruising condition with the propeller re-
moved, the interference drag is favorable only when
the nacelle ti in a position just ahead of the lower wing.
It is most unfavorable with the nacelle in a position
just ahead of the leading edges with its axis at the
center of the gap.

2. For both the high speed and the climbing con-
ditions, the propulsive efliciancy is greateat when the
propeller @ is in line with either wing chord, and
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least when the axis is between the two wings and the
propeller is close to the leading edgca.

3, The highest net efficiency, considering both
high speed and climbing conditions, h obtained with
the propeller axis in line with the chord of the upper
wing rmd the propeller about one-half chord length
ahend of the leading edge. A si.ndar position with
respeot to the lower wing is nearly as good.

4. The poorest nacelle location, considering the net
efficiency at high speed and at climbing conditions,
is with the propeller near the leading edges and its
axis between the two chord Iines.

5. The net efficiency of a biplane-nacelle combinw
tion agrees fairly well with that of the monoplsme
arrangement represented by the nacelle and the bi-
plane wing nearest to it.
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TABLE I

LIFT COEFFICIENT T?ZTHOUT PROPELLER
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8 l-.__ –___ —---------
‘a.—_._-.-.-–-–—–:
lo.-_.-–—-._–—–––
n-._ -- — ----------
la.---____–-.—__.––

I II I
1Nacelle fdrd MO 8MoIL

DRAG COEFFICIENT WITHOUT PROPELLER

CD=%

Nacdh @tion I mmpJ1. RN..l,3@J. m ; 76nP.k R.N.+W%W I 100m.p.h. R.N.-zm 000

Angle ofathoLL--- ] -e 6“ (P r= 10- I 16” / –6” 6° lb”

1pce.n:dy.—–_._–
---...-.—.

M&I CL= acmb
. o12b

.W40 ------ . Olm

.Crm --–--– .0165

.0376 -–.-.– .Olsii

.1033 --------- .0196
, law ------ .Olso
.fram -.-.–– . oleJ
.Ua70 ------- . Olw
.CrW ------- .0105
.0970 -------- .0170
. 10M ------– . Olell
.1010 -.––-. . Olw
. Im -.-..-– .0170

\@& o. OoM O.wit
. 147b . Ofm

.C@30------- .0140

.fwb -.... -.. .014.5

.03m -------- .0146

. mm -------- .0186

. loio ------- .0170

.QW -------- . 01E4

.Q365 -.- . . . . . . Ofso

.CFwo -------- . 01s5

.W5 -------- .Oleo
:g -------- .Olbo

-- .-.-— . Olbo
. lam -.----– .Ohm

o.Wbo
.140$
. 14Ea
.1640
.1645
. lbm
. 10s6
.1640
. lb!lb
. lb10
.1620
. Mb
. lbilo
. lcai

LYz:IzI:H:IIII-
:-lrI::r_–_::--:::L--
5 1_______________

o____________________
7 l__________________
; I-----------------------

-—-....-.-----—.-.--.—.—.

%=:1:::::::::::::
12--–. ---. _.-_-.––

1Needle hired fntO~Oil.
TABLE Ill

MOMENT COEFFICIENT WITHOUT PROPELLER

~“= M:;llt

1
Angle of attmk

16”

–o. 049
–. 0-54
–. M
–. m
-.072
–. m
–. m
-. Ma
-.046
–. m
–. m
-. 0t2
-. a30

Nacah pdthn

–6”

*. fg

–. ma
–. OM
–. m
–. m
–. W7
–. m
–. cm
–. 072
–. 0s2
–. m
-. am

w P
— —

-a 057 –o. C33
–. m -. M7
–. m) –. cm
–. COo -. m
–. m -. C67
–. (!s3 -. Cwl
–. 0s6 -. LMe
–. m -. M7
>-g -. &m

-. cdl
–. m -. C5s
–. w -. Mel
–. an -. Mb

W’

-am
–. 054
-. am
–. 044
–. 031
–. 056
–. 041
–. m
–. m
–. 0!4
-.059
–. m
–. 037

Cdhde clam______
L–_____– _____
!2--—---------------
3—__________
4 1--—. –––-–.-__
5 1--_ -__-_ —-----
6__–-.-...--__
7 I--_ —–.–.––.__.
8 l--_––.–.–-––._.
9——— —-—--—-— .
Id—___________
lo____________
lo______________

1

1 Namlfehired fnta ekfofl.



NACE~CI’ORCT.AREY BIPLAND CELLUJJ3-N.A.C.A. COWLED 615PROPELLER

TABLE IV

THRUST COEFFICIENT

~== (T–AD)
pnsLY

Fro@krno.@ 4 fwt. &t 1P at 0.76IL

AI@ of8tta&--P Angleofatb30k=fF
1

v
~D

I

0.4 0.5 0.6

Cm?& flO& 0.0431
.0t21

.Gs48 .M46 .0227

.M61 .0&i3 .0t44
Jis& Jx& .04.59

.M33 .0630 :E

.W .m .0462

.Ucim .a5s9 .w48

.W .06&l .W

.0S7’6 .@5R .Otta

.W .0.524 .04m

v
ni

Nacdle
podtlon

a7

1 lull
.0!233
.0303
.mfzEi
.ms6

:%%
.0323
fax
.0311
.0’326
.M37

0.1

aw
.M34
. fwl

:E

:E
.a3i’4
.m
.wi’o

:E

a2
—.

).0778
.0701
.07m
.fw3
.lwm
.F415
.07u5
.fEm
.m13
.am
.Mz7
. ffl13

-

a9 I O.I I a2-a3

10717
.0730
.072a
.0733
.0746
.07E3

:=
.0741
.0739
.0703
.0745

as 0.3 a7 as

k 0179
.0170
.0104
.0196
.OHS
.0183
. mm
. OIST
.0192
.0169
. OMJ
. ONFJ

a9

CLm
.Cwl
. M13
. ml
.m
.m

%%

-;~

ma’

............
i- .......-.
s. .. . . . . . . . . .
4 :._ . . . . . . . .
6 I_ . . . . . . . . .
6.. . . . . . . ..- .
71... . . . . . . . .
8 I_ . . . . . . . . .
&..__..

. . . . . . . . . . .
11. . . . . . . . . . .
12-.. . . . . . .

D.01C3
.0146
.0151
.0196
.0192
. ON
.0177
.0191
.Olm
.0172
.0170
.0188

Iom

:!%
.07m

:%8
; %74

.0745

.M30

.070)

.0746

lm
.m
.OEa
.CM49

:E
.0716
.0733
.0721

:%?
.0717

1 l—

Arqfe of attack-lfPAngle of athak=~

.m

:&%
.fE82

:E
%$%
.W2
.MIS
.m
.0333

0.f1513
.0+w3
. Mu
.0469
.OiEll

.&ii

.M32

.C547

.Mia

:%%

a m3
.am
.am
.a317
.ml
.Wo
.a364
.Ma5
.m
.asm
.a347
.W

a 07ca

%J
.0778
.07w
.am
.am
.0m7
.07!33

.0m4

amw
.071s
.0719

:%%!
.0726
.072a
.0749
.0729
.m
.0740
.0723

a0409
.om
.0412.mm
:E
.0436
.ow
:W
.0420.W

O.maa
.Oim
.m

:%%
.03m

:%!
. fr312

:1%
.oxls

a 0175
.0109
.0174
.0172
.0100
.0179
.0197
.0167
.0173
.0127
.0143
.0144

o.m9
.IxM2
.W

:%%
.m
.Oo.Ea
.m47

–: w
–. C&3
–. cots

1. . . . . . . . . . . .
2. . . . . . . . . . .
3. . . . . . . . . . . .
4 I.._ . . . . . . .
6 I.._ . . . . . . .
6.. . . . . . . . . . .
7 ~... . . . . ..-
8 l_ .. . . ..m.-
9. . . . . . . . . . . .
10. . . . . . . . . . .
11--------
12 . . ..-..-.

a mm
. mm
.0304
.0296

:&%

:%%

:E

:%

0.0170
.016$
.0107
.0174
.0155
.016$
. owl
.0177
. Olm
.0138
.0148
. 0M2

O.lxrm
.W6
.OM

:%%
.fml
. M147
.aul

-: E
–. IX117
–. W

a 0762
.0747
.07M1

:%%
.0769
.0781
. mm
.mw
.0772

:E
1

I Nadle fdrad fob 8kfO~
TABLE V

POWER COEFFICIENT

Pm@er ne. 44Q 4 faat. M 1~ at 0.75R
——_

AI@ ofattack--fP Angle of attaak=fP

v
nii

v
iii

Nazdle
position

0.5

law
.CB57
.m
.0376
.Cwa
. 0%%

:%%!
. fR76

:%
.0376

0.6

Im
XQ&

.M43

.0347

.0340

.0349

.0348

.m40

.M34

.a?s6

.a?s

a7 0.s
. —

clg 0.0191
. Olsl

.0m4 .0184

.m .Ollfl

.Ozm .0213

.OEa . ml
.0227

%% .@14
.Ois .m
.Ua73 . Olm
.02n .0191
.Oma . 01Q3

al

am
.Mm
.0400
.04a5
.Mo6

:8%
. 0t17
.0410
.04a5
.0U7
.M7

a9 al

10397
.Otw

:%
.fuo7
.0t09
.0407
. fU18
.0407
.0405
.0417
.Ofm

a5 ae

. . ..........L........-...........-i :.....--...
.5I_.---.---,

6. . . . . . . . . . . .
7 l--------
8 :_ . . . . . ..-.
9. . . . . . . . ..-
lo._ -......,
AL . . . . . . . . . . .
u-... -....,

l..

.Un3

.0119

.Ohm

. Olm

.0130

.0117

.0103

.m

.m

.0x9

aam
.0363
.m81

:%%
.0376

:&$’
.am
.M70
.M73
.M72

I

An@ Of attack=6°

T-

llo?& :&o aom

.am .Cm3 :%
awl .M43

:% .am5 .63.M
.03s3 .0378 .fwo

.0377 .M43
:% .aB4 . m47
.mo3 .M79 @&
.MQ1 .ma6
.m%s . M-76 .aB4
.mw . M76 .W

Angle ofatb30k.lfP

Cm& acwa
.04m

.003 .am7

.Ofml .04m

. Mm .04QJ

.Oilo .0410

.0423 . 04m

.04m .0121

.Oml .042a
.fno5

:E .0410
. W14 . @ff3

l.om
.0397

:E
.0410
.0410

:%
.Oml
. 0m7
.0410
. fu17

Lm& U am
. am

. mm .a372

.fktm .faw!

.Oim .mm

.mw J&

:% .M9f
.Ms4

:!%! m-m
.m .a374
.mua .M$rl

1 . . . . . . . . . . . .
!4-. . . . . . . . . . .
3. . . . . . . . . . . . .
4 L—. . . . . ..-.
6 L. . . . . . . . . . .

. . . . . . . . . . . .
;-1.. .._._ . . .
81.. --------
9.- . . . . . . . . . .
lo.. _....._.
11. . . . . . . . . . . .
il.. -.__..

Chum
.am
.U3Q4
.0t07

:8%
.0413
. 0U6
. 0t17
. Otm
.OIOs
. @tlo

O.m
. 0L96
.0189
.0232

:%
.0216
.am
.O?aM
.0184
.Olsl
.0189

a 0106
.m
.Mt36
.of36
.0119
.0110
.0117
.0110
.0107
.m
. f074
.m

lam
.m
.04m
.Otlo
.0410
.Oilo

:E
. OiM
.mo5
.Otlo
.0417

Dam

:%%
.04m
.04@

:%
.04m
. OtM
.0401
.0t07
.0t13

MG&I flo& aofm
.Oils

.0279 .0189 ax@

. U310 .0243 .0167

.MOs .0236 .0137

.0233 .0216 .of20

.M96 .Crm . Olx

.0%3 .0218 . Ol!n

. 0z31 .0m7 .0107

. am . ol&5 .0M3

.Oml .0181 .m

.0777 .0191 am
I I

~NacelIeW Into drfoll.

Gol—3~o
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TABLE VI

PROP~IVE EFFICIENCY

.=LZ+Z

Prep311erno. 44@ 4 feaL Sat1?8t0.751?

Angle ofattaok=wAI@ of 8tb3k--b0

v
fll

i

0.6 M a7

0.;. a701 a804
.724 :%

.763 .791

.712 .762 .762

.723 .771 ~~

.766 .7M

.737 .7T3 .760

.740 ~g ;%

.763

.744 .m .7’07

.764 :WJ .803

.769 .8@3

048 0.0
— —

\ ;$ a207
.114

.687 ,162

.710 .460

.061 .266

.716 .34M
A&l .W

.2%4
.761
. 7a3 ....;..
, 7m
.716 .M3

v
nm

‘rl-
a4 a6 0.6 a7 as

~g ama a786 a706 ~~
.740 . 7ea .761

.679 .7m .iw .784 .066

.6s3 .723 .776 .777 .712

.670 .747 .794 .Ea2 .m

.0i8 .762 .wf ;g .736

.6t4 .7M .733 .624

.0#3 .736 :% .7m .714

.653 .744 .Elm .743

.ws .743 .m .797 .731

.lml .7M .8E2 .822 .748

.070 .752 .803 .819 .763

Nacelle
pmition

al 0.2 a8 a4

1
al 0,2 a3

Ml& ~g M&

.210 .403 -558

.m .396 .540

.X@ .296 .6M

.2H .2’39 .655

.X@ .3%3

.Wa .m :%

.210 .646

.215 :% ;sg

.210

. 2L2 :% .M5

0.9

aom
... —-
..—

.403

.300

.324

.326

.377

.3m

.Xa

.249

.273

1

N&

.4M

.2?4

.3M

.3a2

.3W

.3m

.401

.3Q7

.2!%3

.3m

a 647
.662
.666
.&w
.640
.M2
.660
.&43
.6M
.M.o
. E57
.662

aw
.670
.676
.639
. ml
.676
.M6
.681
.672
.660
.Es3
.6M

am
.m
.210
.m
.m
.210
.211
.m
.213
.212
.210
.Z1

l--------
a—-.--–.
:-l––.-.

—--. —
5 1—----
o-___ ...

——.—.: :_.._T
9-------
10--.. --,
n_______
12------

—-
am9
,370
.306
,367
,m
.876
.417
.344
.220

.. . . . . . .

. . . . . . . .

. . . . . . . .

Angle ofattack-~ Angle of i3ttack-lfP

LlaJl a6s7
.m2

.614 .&%’

.669 .Ofm
.mu

% .m
.626 .705
.ma .700
.m7 .713
.m .710
.040 .721
.Om .709

U& U&l a 714
.m

.647 .M3 . 74f

. 5X3 .W .076

.6M .016 .076

.534 .643 .721

.m .649 .729

.641 .059 . nl

.624 .am .7’M

.6f4 .666 .732

.547 m& .744

.m .7M

IIE& a 249
.246

.7W .244
Ag .2!23

.Z31
.643 .164
.7’6! .332
..%7 .172
. nl
.673 ._:?
.654 -----
.047 ------

a 618
.517
.616
.4n3
.483
.M9
.515
.624
.622
:E.&

.621

a 714
.718
.739
.634
. C44
.I?B3
. 7EJ3
.747
.762
.762
.768
.762

(LE

.764

.617

.62?2

.734

.760
: ;~

.742

.707

.746

llaJj

.7WI

. E.S7

. M4

.m3

.707

.mo

.6m

.010

.066

.003

L------
!L_____
3----.–.
4 l_____
6 l____
o------

—- —.-
;:
9--------
lo._. ____
lL._.__.
12._. ___

U& a236
.322

.203 .393

.!21.I .373

.m .293

.ms .m.5

.203 :=

.206

.202 .3SI

.210 .394

.m .393

.m .234

a 7M
.766
.7b7
.7M
.7M
. 76s

:%!
.784
.77’0
.7M
.704

a 749
.7m
.mo
.M9
.M3
.749
.m
. 7im
. ml
.773
.787
.768

(&l

. 2)1

.194

.197

. lW

. IM

.202

.Wo

.203

.20f

.m

am
.378
.376
.846
.2J33
.370
.2$s
.280
.370
.331
.s34
.875

I

1NacelfefefKu7fnte efrfoif.

LIFT COEFFICIENT WITH PROPELLER
OPERATING

c=p=~

Propellerm 4444 fe3t. Ed 1P at0.76R

Angle of ettack=~I Angie of attack=-6°

v
n—DNamlfe&tfon I

T

1
a4 a6

L----------------------- afm am3
2–---—__________ .039 . Oto
3--------------------- .616 .O11
41 --------- IO&
61 ------------- :%
~--. --.----—. –.–— ----- .843
7 I------------------------ :K .8!4
;:rz----__.-.--_.-.--_- .649 .m4

-- —--. -—-—.—------ .041 . 6fo
IL-.-–.-.—-..----.-––– .a31 :%
lo__-—--------- .W
a----------------------- .fsl .Cm

a7 a4

a2a7
.236
..257
.M4
.M7
.278
.m
.279
.!243
.204
.Ztl
.314

a6

a w
.274
.234
.!ao
.%7
.237
.230
.!234
.239
.292
.2s2
.202

a6

a2b4
.M7
..233
.271
.279
. !231
. ml
.255
.260
.!im
.272
.281

a7

a262
.23?3
.2m
.2M
.274
.266
.267
.253
.263
.278
.m
.274

0.8

CL%

.264

.2m

.272

..265

.2M

.261

.261

.27-3

.236

.230

0.0

a 240
.261
.!234
.201
.270
.2s4
.263
,240
.260
; ~o

.2M

am4
.712
.lml
.004
;g

.081

.m3
$3J

.709

.717

a6

1
\&4 amo

.046
.m7 .027
. 6t6 .6t6
.Cw .M.9
.035 .mo
.649 .6t6
.029 .02s
;~ .M7

.111
. 6!7 . 6t7
. am .049

am3

:%
.049
J&l

.033

. ml

.M3

.mo

.m

.Mo

acrn
.043
.m7

:%
.M5
.a52
.029
.M7
.643
. O&l
.am

I

l-- Angle of attack.$” Anglaofattaek=lW’

a4m
.4m
.499
.482
.4E3
.475
.4m
.4M
.471
.400
.4RZ
.Om

a467
.44
.4s7
.4s2
.4%2
.4il
.464
.464
.467
.489
.403
.Eu3

a727
.772
.743
.740
. 7fa
.747
.731
.m
.7-36
.767
. 7U
.772

a n6
.743
.723
.724
.7!23
.Z24
.769
. nl
.717
.743
.746
.764

a 7m
.7’M
. n6
.712
.710
.7M
.6m
.6M
.7M
.724
.721
.742

aom
.717
.70+
. 7a3
. 7a3
.007
.6s5
. @31
.604
. n3
.m
.731

~$aj

.Om

.007

.Om

.602

.Om

.6s6

. as7

.707

. na

.724

L.-–.-.---–.--..-----.–. amm
2-------------------- .a
x–—-__-_______— .6M
4 I_. _______ .m
61 .-_. . .623
6.-.----––-—.–---— .M2

.mn
: :=::n::::::::::: .4,59
9----------------------- .6M
lo-_ --.–.-.–.–---—___ :E&
u-----—. -.-. -–-—–-.
lo__ -—–—––-.–_._. .644

a4.m
.614
.&m
.611
.604
. 4s9
.402
.482
.4s9
. m6
.M9
.623

a 4ii
.Eu2
.497
.4U4
.4%3
.m
.477
.474

‘: g

.611

a 473
.494
A&l

.484

.4m

.470

.@

.474

.491

.W

.W

1Nadfe fefred fnto afrfoIL
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TABLE VIII

MOMENT COEFFICIENT OPERATING WITH PROPELLER

617

c. .=
P qsc

Prr@fer No. 44Q 4 [Wt. Set 1P at 0.76R.

Angle ofattaok-–6”
/

A@3 ofattaok-w

Nacdle titton

0.4

l... _ . . . . . .._.. _..__ .. ..- -0.024
2..____ . . . . . . . . . . . . . . . . –. 040
3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . –. 02s
41— ------------------------ -. m

–. am
;::-:-:::::::::::::::::::::::: –. G25
7 I__. ----------------------- -. fFJ4
8 1--------------------------- _. 110
9. . . ..___ . . . . . .._.. ______ -. 1C9
lo .. . . . . . .._ . . .._-. .___.. -.145
11. . . . . . . . . . . . . . . . . . . . . . . . . . . . –. KM
12..-------------------------- –. 147

l—

v
ni ~D

.:mti

0.7

–Q 049

0.6 0.7
— —

-0.053 –_: g
-.059
–. 054 –. 0s2
–. cm –. 064
–. 059 –. ml
–. w –. fb!a
–. m –. 072
–. m –. 073
–. a35 –. 077
–. QM –. m
–. am –. 07.5
–. QR –. fm

0s I 0.9 I 0.40-.5 0-3 0.9

-a 041
–. Ml
-.042
–. MO
–. w
-. Ce5
–. a35
–. OM
–. C95
–. 1!3s
–. Iw
-.113

–a CM
-. fbis
–. 067
–. @35
-. @32
–. M.9
–. lm!i
–. 073
–. 072
–. 073
-.037
–. 073

-o. MQ
–. 070
–. 070
-.095
-. M3
–. 067
–. w
-. m
–. m
–. Ma
–. 031
–. 039

-0.010
–. 012
–. 012
–. 0$9
–. am
-.042
–. ass
–. Qx3
–. fcm
–. 127
–. 125
-. Ml

–o.w
–. IM7
–. OM
–. 0b9
–. Ml
–. 054
–. m
–. W-5
-. Ml
–. m
–. 05s
-. a!.9

-a an
–. MO
–. w
–. C&9
–. m
-.054
–. cm
–. Cm2
–. 05s
–. 053
–. w
-.052

–1
–. C@3 -.043 –. M2
–. 029 –. 042 –. m
-. 0s7 -.057 –. ft57
-.043 -.047 –. 049
–. 018 -
–. 077

_. ~-
-.060

–. m -.076 –. Of@
–. w –. 073 –. cm
–. 0%3 -. w –. m
-. Qa6 –. Oib –. 037

-.a!ll I –.053

-.C95 I -.0; ] -.fm
I I 1

I Ar@eofattack-5° Angle of attaok-lCP

L._.. _-._ -.-. _.._. -----
‘1. . .._.. _... _ . . .._.. ___
3..- . . . . . . . . . . . . . . . . . . . . . . . . . .
4 1--------------------------
5 :--------------------------
6-----------------------------
Al .. . . . ..-.. _..____..-._

:::::::::::::::::::::::::::::
lo.. __.. -... __________
il.- . . . .._-____. _._ . .
lo.__ ._._ . . . . . . ..-. -_-...

-0-056
–. MS
–. on
–. Ooo
–. Wa
–. 047
–. 055
–. 057
–. WI
–. 064
–. 044
-.044

0. m –_:y:
–: fi)

–. 010
–. 048 –. 052
–. oil –. 043
–. G26 -.030
–. 071 –. 035
–. 078 –. m
–. Ma –. a54
–. 123 –. WI
–. lfks –. 073
–. 1a5 –. 077

–_:g4

–. m
-.—----

-.046
-. cm
–. w
–. 054
-.044
–. C45s
–. 041
–. m

-o. 0s1
–. 043
-.042
–. W-5
–. 045
–. me
–. a52
–. 052
–. 042
–. au
–. Osa
–. cm

-0.011 -0.029
–. 022

–: E –.023
–. 649 –. 054
-.023 -.039
–. 023 -. ma
–. ml –. 072
-.075 -. cm
–. a31 -.071
–. 134 –. 0a6
–. 111 –. @37
-.119 -. m

-t 041
–. 037
–. W-5
–. a57
–. 044
–. o-42
-. 0?8
–. 055
–. 0!3
-. m
-. 0s9
–. Ma

-0.049 –o.W4
–. 04$ –. 044
–. 044 –. 049
–. MS -. Cmo
–. 047 –. 043
–. 046 –. 047
–. w –. m
–. 032 -.056
–. 069 –. w
–. 0$3 –. m
–. 05!3 –. O&3
–. 054 -.643

–a 029
-.032
–. 024
–. an
–. 044
–. m
-. m
–. MT4
–. m
–. 074
–. m
–. ohs

-R m
–. 040
–. a24

.—-----
–. 046
–. 036
–. w
-. m
–. 047
–. 063
–. 048
–. 0i7

iNacoUefalredIntoakfofl.

TABLE IX

RELATIVE MERITS OF DIFFERENT NACELLE LOCATIONS

Pro@er No.4412j4feet. SetlPat O.76R

Hfgh-q#ajo;dcznMngmndltlon C~bfngmndltlon

C’-o.m ;=-0.42 cL=o.4@3

Narallarmdtion 1,, I
,

Nawlfa Namfle
Fropbxl: ~n::. Nde&$- R&lMwe dr8&elJf. N&&.

faotor factor

l------------------------------- a79El
z------------------------------- .793
3-------------------------------- .m
41.. __._ . . . . . . . ..___-._.-. .701
Al----------------------------- .776
6-------------------------------- .797
71----------------------------- .767
81----------------------------- .789
9-------------------------------- .$10
10------------------------------- .202
11------------------------------- .816
12------------------------------- .811

0.M6

:%’
.145
.119

:i?!
.146
. IW
.07f
.Ma
.059

cl 743
.737
.7!2?3
.616
. &57
.702
.6ZI
.644
.701
.731
. 7s0
. 7b5

am
:$?
.629

:E
.674

:E
.676
.&m
.676

–_agg

.m

–:%
-. ax!
–: O&

–: E–.027
–. 027

@em
:%?
.m
.642
.675
.658
. em
.6?3
.m
.715
.703

1 Na@a fafrM into ah-fofl.


